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6 The purpose of t h e  investlga'ions describe6 Ir, -chis report  w a s  t o  
cont icze enp i r i cz l  s tud ies  on biochemical f u e l  cells for degrading human wastes 
and producing e l e c t r i c a l  energy therefrom. 
the  a t t a c b e n t  of organisns t o  electrode naterials, e lectrode pretreatnent  and 
configuration, the se lec t ion  of sui table  organisms end separator mater ia ls ,  
se lec t ion  of e l ec t ro ly t e s  and additives,  s t r u c t u r a l  materials end cont ro l  
devices, and storage and rjerformance cha rac t e r i s t i c s .  

Spec i f ica l ly ,  the study includes 

W i n g  the  four th  quar-cer, i w e s t i g a t i o n s  were conducted i n  pre- 
t r e a t i n g  h ~ m n  waste by adding selected micrcorgmisms t o  s t e r i l i z e d  (auto- 
clzved) b~zi i  westes. The x i c r o o r g a l s z s  seiectec were Zscherichia c o l i  aqd 
C l o s f r i d i m  sgorogeres; reactior, t e r p r & t u r e s  xere mainTained et 75°F o r  95- 
100'F. 
producicg e l e c t r i c a l  power. 

- 
These organisms were not 8s e f fec t ive  as indigenous microorganisms i n  

The e f f e c t  of bubbling the fuei-&?olyte with i n e r t  gas w a s  a l s o  eval-  
uated, ana it w a s  found t o  be ef fec t ive  i n  iccreasing the aaodic o p n - c i r c u i t  
cur ren t  density.  Bonb calorimetric determinations of t he  heat  of combuztion 
of lyophi l ized hwan feces  indicated a value of about 4,600 c a l o r i e s  per grsm. 

pla t in ized  p l a t i n m  al loy screen (90% Pt  - 10% ah) w a s  found t o  be 
e s s e n t i d l y  as e f f ec t ive  2s p la t i r i zed  2 l a t i c m  f o i l  f o r  these  react ions.  A 
regr0ducibill:y st..iiy Indiazzed th&t t h e  r e s u l t s  of t he  present experiments 
a re  coqxwr-'ole yo zhose ob-zained ir, emlier stzges of t h i s  invest igat ion.  
firs', ey"-",Y="- .p~=--...~--~ T T r  wL-3 c o z 2 x t e 2  i r l  i,-hLch kman waste i s  beiag degraded by elec-  
trock?X;Ic-_ eze-*g;r. F.es';l;s have skown that t he  cathode (non-biological) 
renc t lan  fr rk=c $.ctc-- A,,ining. Polcogrzphic  s-cudles of r e l a t i v e l y  pure compo- 
nents of ki:~n xzs te  are  being inl t la tec?.  
( i n  ilelor,:zea water) W ~ S  C O ~ C  t o  ke negligii i ie.  
bcir,,: continued i n  t lppopri6te  areas .  

The 

Z l e c t r i c a l  power output from feces  
Li te ra ture  surveys axe 

This report  covers the  progress a t ta ined  dur ing  the  Fourth Quarter,  
1 Februcry 1964 through 30 April 1964, i n  the  Study of Biochemical Fuel Cells, 
Contrazt No. NL.p..sw-654. 
s tud ies  on biochemical f u e l  c e l l s  f o r  producing e l e c t r i c a l  energy through 
dcgrvdetion of huian waste. 

The purpose of t h i s  progrm i s  t o  conduct eapirlcnl 

*En?hasis w i l l  be placed riuring the  duration of t h i s  c o r t r a c t  on t h i s  s e r i e s  
of ex-riments, i n  which h m e i  waste i s  being degraded by e lec t rochea ice l  
energy. 
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I11 - DISCUSSIC3 

Daring the  past  quarter ,  i m e s t i g a t i o n s  have been conducted on t're 
subiec t  contract  mder the  following gerzeral topics:  

a. 

b. 
C .  

d. 

e. 

f .  

&. 

h. 

i. 

Pretreatment of human waste by adding se lec ted  microorganisms; 

Ef fec t  of bubbling fuel-anolyte with i n e r t  gas; 

BonS calor imetr ic  s t u d i e s  of t he  heat of combustion of 
lyo2hi l  i ze  d , huma f e ce s ; 

Effec t  of e lectrode xetal ;  

Reproduc i-9 i l l t y  stuky; 

Ef fec t  of &posing a s , s tzked  electrical current  on t h e  
b iofue l  c e l l ,  t o  degrzde tke waste; 

&termination of whether the  zn3cie o r  czthode react ion i s  
rzte limizing; 

Polarographic studies;  and 

Continuations of the  l i t e r a t u e  surveys associated with 
these  s tud ies .  

During th i s  contract ,  a t tenpts  have Seen made t o  e l h i n a t e  var iab les ,  
wherever poss iXe ,  ami t o  concentrate ufor, t he  reac t ions  i n  the  anodic ha l f -  
c e l l .  
AgPendix apply t h r ~ q h ~ ~ t  this report  

For t h a t  reason, t h e  e x p e r b e n t a l  conditions out l ined i n  Table I of t h e  
m i e s s  otherwise specif ied.  

A. ? x x e z t z e E z  o? FLzz,i-i- :.Teste ky .:.cXlsg Selected Mlcroorganisros 

Two experiments were condilcted t o  deter'mine the  electrochemical 
a c t i v i t y  of hman waste mixtures t o  which se lec ted  microorganisms had been 
adds a. 

The conditions of the experixents were e s s e n t i a l l y  the  same as 
those out l ined f o r  t he  non-flow system iz  Table I of the Appendix, except 
t h a t  t he  feces-urine mixture was s t e r i l i z e d  of indigenous microorganisms, by 
autoclaving at 250 "F f o r  20 minutes. 

I n  one experiment, 1% of a cu l ture  of Escherichia c o l i  i n  
nil tr lent broth was added t o  the  sxeriie feces-u-ir-e I ' i ie l -anol je  m i i i t u i - e .  Two 
c e l l s  were tnus assembled, one maintained a t  room temperature (approximately 
75°F) and the  o ther  incubated at  95-100'3' ( e s s e n t i a l l y  body tempereture). 



During t h e  f i r s t  85 koi~ns of t h i s  experinient, t h e  anodic open- 
c i r c u i t  po ten t i a l s  of t h e  two c e l l s  yere e s s e n t i a l l y  the  same. 
t k e  t h e  anodic open-circuit p o t e n t i d  of t he  c e l l  maintained a t  room temper- 
a tu re  w z s  150 t o  250 m i l l i v o l t s  b e t t e r  than t h a t  of t he  incubated system. 
t o z a l  t ine of t h e  experiment w a s  350 hours. 
t h i s  experiment (No. 57) are summarized i n  Table I V  of t he  A2pendix. 

After t h a t  

The 
Polar iza t ion  and power data f o r  

In another experiment, conducted i n  a manner similar t o  t h a t  
described above, a 1% cu l tu re  of Clostridium sproger ,es  i n  nu t r i en t  b ro th  w a s  
added t o  t h e  s t e r i l i z e d  fuel-anolyte instead of t h e  E.  c o l i .  
were assembled; one w a s  maintained at room telnperature -mi?) and t h e  o the r  
wes iccubated (95-100°F). 

Again, two c e l l s  

The exodic open-circuit p o t e z t i a l  of t h e  incubated c e l l  w a s  
&pproxinately 250 m i l l i v o l t s  bezter than that, of t he  c e l l  a t  room temperature 
f o r  t h e  period from 15 t o  57 hours, then they beczze e s s e n t i a l l y  t h e  same f o r  
t h e  next 94 hours. 
are s u m m i z e d  in 'Table  IV of t h e  Appendix. 

Polar ize t ion  m-d pcver da ta  f o r  t h i s  experiment (No. 58) 

03 the  bas i s  of these e x p e r h e n t s ,  t he re  seems t o  be no s ignf f -  
i c m t  e f f e c t  of r a i s i n g  t h e  react ion temperature from room temperature t o  a 
standard incubation temDerature, end these microbes were not as e f f e c t i v e  as 
indigenous microorganisms i n  producing e l e c t r i c a l  power. 

B. Ef fec t  of BubbliEg ?uel--bolyte with I n e r t  C e s  

krl experiaent was conducted t o  deternine tke  e f f e c t  of bubbling 
the  fuel-a?olyte x ix tu re  with i n e r t  ges ( h e l i m )  , t o  provide ag i t a t ion  and 
remove gaseous products; t he  gaserxs prod.ilc?;s m y  3e e i t h e r  i nh ib i to ry  o r  
erkencing t o  b io fue l  c e l l  react ions.  

The cozditions of the experlmert were e s s e n t i e l i y  t h e  same as 
those described for t h e  non-Ziow systen ir? T&le I of t he  @pendix, except 
t h a t  two cells were assezbled. 
helium, as i s  customary, while t ha t  of t h e  second c e l l  was not  bubbled with 
gas. Agitation was provided f o r  the second c e l l  by means of a mechanical 
shaker; t h e  second c e l l  was maintained gas t i g h t  t o  avoid loss of gaseous pro- 
ducts .  Data were obtained at  various times during the  experiment, and a 
sumary i s  presented i n  Table I V  of t h e  Appendix. 

i n  contrasfu t o  nechanical witation, because 50th  The best anodic open-circuit  
p o t e n t i a l  end the  sno r t - c i r cu i t  c w r e n t  dens i ty  a re  b e t t e r  f o r  t h e  bubbled 
systen. This izd ice tes  t h a t  some inh ib i to ry  substances are being removed 
f r o 3  the  c e l l  by bubbling, and t h 8 t  t h e  a g i t a t i o n  provided b~ bubbling i s  
s u f f i c i e n t  t o  minimize polar izat ion.  

The fuel-moly-ce of one c e l l  was bubbled with 

(Ruq 59)  

It is epparect t h a t  hv5k'clizg ? k c  fuel-molyte is advantEgeous, 
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C. Eo33 Calorlnetr lc  S x 3 i e s  of t'le Eeat of Con'mstion of Lyophilized, 
Bunax F'e?es 

Samples of previously frozen hmm feces,  obtained from volunteers 
03 a low-cellulose d i e t ,  were lyophilized. 
combusted i n  af3. oxygen bonib calor iaeter ,  and the  gross heat of combustion w a s  
found t o  be 4591 and 4697 ca lor ies  per gram. A summary of the  da t a  is  presented 
i n  T a b l e  I1 of the  Appendix. 

Two of these samples w e r e  then 

It may be noted tha t  these values are higher than some values 
t h a t  have been c d c u l a t e d  and reported i n  t h e  l i t e r a t u r e ,  based upon e s t i m t e d  
con-positions of halr;an feces  and the  hea ts  of combustion of the  components. 

D. Effec t  of Electrode K e t a l  

One of the  obJectives of t h i s  study i s  t o  evzluate e lectrode 
This ghase of t he  program has been held i n  abeyance, t o  permit Eaterials. 

exphasis on 010re fundmental  as2ects of the  problea. 

However, noble ne ta l  screen (90% P t  - 10s Rh) i s  avai lable  f o r  
f ab r i ca t ing  electrodes,  and a nezsiirenent vas made of the  poten t ia l s  obtain- 
able  with t h i s  plEtinized netal as compared t o  p la t in ized  platinum f o i l .  It 
wes found t h e t  t he  =odic open-circuit po ten t i a l  of platinum f o i l  i n  t h e  non- 
f l o w  systex WES epproxiaztely 0.1 v o l t  higher than t h a t  of the  p la t in ized  
Pt-Eih screen, ~ , - e z  though t h e  fuel-aaolyte i n  t h e  two systems was obtained 
from t k e  SGS a i x t u e .  

Yce tes t  w e s  repeazed, u l n g  p lz t in ized  p l a t l n m  f o i l  i n  both 
the flow m d  non-flow systems, an2 using port iocs  of e. s ingle  fuel-anolyte 
mixture. -Agaiz, t he  open-circuit ar~ociic po ten t ia l  was grea te r  i n  the  non- 
flow systex.  

It w a s  postulated t h a t  a possible explznation f o r  t h i s  difference 

An experiment was conducted t o  determine the  magnitude of t h i s  e f f ec t .  
i n  po ten t ia l s  might be f o u d  i n  ';he mezhods of introducing gases t o  t h e  e lec-  
trodes.  

In  t h i s  experiment, fou r  cel ls  were assembled and run sinulta- 
The o ther  tkree were H-cells 

(a )  Gas bubblers were 
neously. One w a s  a p l a s t i c  c e l l  i n  a flow system. 
(non-flow) t h a t  d i f fe red  i n  the  following respects:  
21aced below the  electrodes,  es customary; (-3) gas bu->blers were placed above 
the electrodes;  aqd ( c )  gas bubblers were placed below the  bu3blers as usual, 
bax oniy t h e  su-pernatant i i q u i d  of a feces-urine mixture w c s  used as 'ihe filei- 
a o l y t e .  
'Igole I of t ke  Appendix, except t h a t  f o i l  e lectrodes were Lsed i n  the  flow 
system, and the  catholyte contained 2-1/2 weight percent NaCl and 2-1/2 percent 
KC1. 

Tne experinental  conditions were the  sanie as those described i n  
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T3ese c e i l s  provided a r e t h o d  of 6etermining whether t‘ne d i f f e r -  
ence i n  g o t e n t i d s  obt i ined with t h e  flow a16 roc-flow systems (both employing 
p l a s t i c  f o i l  e lec t rodes)  could be c a s e d  by t h e  lzck of contact  of the  anode 
i n  t h e  f low system with s o l i d  feces ,  or whether t he  inclusion of bubbles of 
gas i n  t h e  e l e c t r o l y t e  (e .g . ,  oxygen) might be e f f e c t i v e  i n  increasing the  
electromotive po ten t i a l  i n  t h e  H-cell .  

The r e s u l t s  are suzmarized i n  Table I V  (Experiment 6 5 ) ,  and it 
i s  &;?parent t h a t  the  peck enodic p w e r  densi ty  w a s  not improved by bubbling 
the  gases d i r e c t l y  i n t o  the  p l a s t i c  c e l l  (compare tne date. of Zxperiment 65 
of t h i s  repxt  with Experixent 1, Table IV-A, of the  Second Quar te r ly  Report) .  
Hvn’ever, it w a s  fo-md t h a t  tke open-clrcait  modic po ten t i a l  of t he  flow system 
exceeded t h a t  or‘ the  nom-& R-cell f o r  a F r i o d  of t h e  (see Flgure 1). The 
reesoc f o r  t he  delzy i n  attalcicg an open-c:rcuit g o t e n t l a l  of approximately 
500 rr; . i l l ivoits i n  t h e  p l a s t i c  c e l i ,  as -cell as the  reason for t h e  po ten t i a l  of 
t ke  mnzl fI-ce11 ~17t jmlce ly  e.rceei.;-g t,’*,ax of’ t he  3 l a s t i c  c e l l ,  have not  ye t  
been deternined but  are doubtiess &:;e LO nicrobiological  reac t ions .  

The data of‘ Z x s e r l m e r , ~  65 Ta-zher skswec! thw plzcing t h e  gas 
bubblers below the  e lec t rodes ,  as has  been done i n  nos t  of these  experiments, 
i s  more e f f e c t i v e  f o r  ag i t a t ion  but does not cause any higher cathodic poten- 
tial than if t h e  bubbler i s  above t h e  electrode so  t h a t  it merely saturates 
the  e l e c t r o l y t e  bu t  does not b&ble g;ases %cross tke  electrode.  
a l s o  showed t h a t  the  supernatant fiJel-anolyte m i x t u e  containing no s o l i d s  
i s  e s s e n t i a l l y  as e f f e c t l v e  z s  the f u e l - m o l y t e  cor,taining so l id s .  

The da ta  

A s t a r d a r d  reproducibil i t ;T r a n  - a s  rr,ade with the non-flow, 
3 -ce l l  systen. The e x p e r b e n t a l  eoc2 i t io r s  were t he  say-e as those described 
i n  T & l e  I of the  Appendix. The s t a t i s t i c &  dats from the experiment were 
s a t i s f a c t o r y  . 

Tnree c e l l s  were used, and the  s t a t i s t i c a l  da t a  covering t h e  
f i rs t  27 hours of t he  experiment are tabula ted  below: 

This Previous 
E xpe rime n t  Exper b e n t  s 

)lek? of Xax2m.11 Differences 
r,f P o t e n t i d s  ( v o l t )  0.038 0.009 - 0.114 

be m Dev i at ion 0.036 --- 

Variance 0.003 0.000 - 0.004 
Standard Deviation 0.056 0.00 - 0.06 
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I n  addition t o  t h e  iirlodic open-circuit po ten t ia l s  uisually 
obtalr,ed i n  these reproducibil izy runs, >o la r i z&t ion  r -ms were a l s o  made and 
power c m e s  were drawn. The three curves were obtained over a period of 30 
bows, so there  might be soxe minor  vz r i a t ions  i n  power output due t o  meta- 
b o l i c  ac t iv i ty .  However, the data showed t h a t  t h e  open-circuit  po ten t i a l  
rezained e s sen t i a l ly  t h e  same throughout t h i s  tine period. 
da t a  is presented i n  Table IV (Experiment 62). 

A summary of t h e  

I?. Effect of Imposing a Sustained E l e c t r i c a l  Current on t h e  Biofuel 
Cell t o  Degrade the Waste 

k po ten t i a l  of a9L;roxhately 1 . 2  v o l t  w a s  inposed i n  s e r i e s  on 
tke  b io fze l  c e l l  t o  iscrease the  current flow a rd  the  resu l t ing  electrochemical 
r e a c t i o m  occurring over a give2 t h e  period. 
t o  70 nicroexperes, t he  t o t a l  t h e  eispsed was 20 days, a d  t he  t o t a l  current 
wes 57.3 coulombs. A coct ro l  c e l l  wzs assexi~led,  using a portion of t he  same 
fuel-anolyte mixture as  t h a t  i n  the c e l l  t h a t  had t h e  hiposed poten t ia l .  

The current flow var ied  f ro=  50 

It i s  impractical  fio mdce a a e t e i l e a  chemical s-n-alysis of the  
hmm werte before and af ter  exserirr.ent t o  dezerrnlne the e f f e c t  of the imposed 
poten t ia l ,  because of t h e  complex ca ture  of the  material. The most expedi- 
t i o u s  a l t e rna t ive  i s  t o  make bom3 c a l o r k e t r i c  determinations of t he  heating 
velues,  d t e r  lyophi l izat ion,  of feces-wine  mixzures from (a)  the  o r ig ina l  
s a q l e ,  (b )  t he  control  c e l l ,  and ( c )  the  c e l l  subjected t o  ttne e l e c t r i c a l  
current .  
mir,Eitiocs w i l l  be nede duiri,n,g the next nonth.  
cseful i n  determinhg the  c k a g e  i n  energy content of the  f u e l ,  and i t s  
resultant state of degredation. 

The mater ia l  has been lyophilized, and the  bomb calor imetr ic  deter-  
B G X ~  calorimetric da ta  w i l l  be 

In t h e  previous experinects t he  mode aqd cathode areas have 
been equal. 
which two flow c e l l s  were used ( i n  p a r a l l e l ) ,  both having electrodes of 
unequal areas,  'io determine which reac t ion  i s  r a t e  l imi t ing .  
are described below: 

.4n expt?rberit has been conducted during the  past  quarter  i n  

The electrode8 

Cell I - Anode: Plat inized P t  f o i l ,  1 sq. in. ;  non-opposing 
faces coated with weter repe l len t  pa in t  

Cell I - CEthode: 
3.56 sq. in .  

P la t iz ized  P t  f o i l ,  2-118-in. c l e a r  dla. ,  

Cell  I1 - Anode: 
3.56 sq. i n .  

Plat inized Pt  f o i l ,  2-118-h. c l ea r  dia . ,  

Ce l l  I1 - Cathode: P la t in ized  P t  f o i l ,  1 sq. in. ;  non-opposing 
faces coated with water repe l len t  pa in t  



I n  all other  resT)ects, the  e x 3 e r h e n t a l  conditions were the  same 
as those described i n  Table I of the Appendix. A sumnary of the  results i s  
presented i n  Table I V  (Experiment 64). 

On the  b a s i s  of these data,  it i s  apparent t h a t  t he  cathode 
reac t ion  i s  l i n i t i n g ,  s ince the  use of a lazger  cathode permits more current  
t o  flow, vhereas using a smaller mode does not decrease t h e  current  flow. 

H. Polarographic Studies 

A Tolarecord ~ 2 6 1  polarographic i n s z r w e n t  (Mezrohm AG Herisau, 
Schmiz )  i s  being ca l i3ra ted  t o  be used i n  obtainizg polarographic da ta  on 
r e l ez ive ly  pure so lz t ions  of conmnents presect  i n  la rge  proportions i n  ur ine 
a d  feces .  This inTomation w i l l  be used t o  determine po ten t i a l s  a t  which 
decoxpositions o r  other  reac t iozs  can be ex,wcted t o  occur. This information 
i s  necesswy end w i l l  be  eEployed i n  t h e  present program of applying poten- 
t ia ls  t o  t h e  c e l l s  t o  degrade hunan waste. 

I. Power Outwt  of Feces w i t b u t  U r h e  

I n  the  pas t ,  some experiments were run t o  determine the  e f f e c t  
of feces-urine concentration cpo3 the  power output of the  b io fue l  c e l l .  Those 
concentrations vazied from pure urine t o  ti. a ix tn -e  cor?taining 40 grams feces  
i n  100 mi l l i l i t e rs  ur ine.  

An ex_peri?l;er,t w%s rxi durlng the  pest ?darter t o  determine the  
electrochemical propert les  o? f e x s  witkclit u- izz .  Tie cor .d i t lozs  of the  
exgeriment were the  s m e  as those $or z're no~-I ' low sys tea  descrL3ed i n  Table 
I of the  kpgendix, except th t  deicnlzed, d i s t i i l e d  wcxer V E S  used instead of 
ur ine.  %e da ta  indicated t h a t  the sower outFuz from Zeces alone was negl i -  
g ib l e ,  although it hed been Zound t h a t  t he  feces  w a s  e f f ec t ive  when added t o  
the  u r i n e  (see Section 111. B. 2. e, Second Quar te r ly  Report). 

Cellulase w a s  added t o  the  feces  i n  an e f f o r t  t o  decompose the  
ce l lu lose  , but  without not iceable  e f f e c t .  

J. Continuation of Li te ra ture  Surveys 

T'nroughout t h i s  p rogrm,  t h e  l i t e r a t u r e  hes bee2 consulted f o r  
electrochemical,  microbiological, mater ia l  e f f e c t s ,  and o?;ner per t inent  
L L L G ~ T L L ~ ~ G I ~  mc? data.  These suircrreys are made concurrently with 
expr imentc t loz .  
2. JI 

Or,e i t e m  of i n t e r e s t  r e c e r t l y  has been t o  obtain the  proximate 
aca lys i s  of feces .  Fortunately,  t h i s  ix fomat ion  has been found i n  the  l i t e r -  
E x r e ,  and i s  izcluded i n  t h i s  report  as Table 111 of t h e  Appendix. It w i l l  
be  noted t h a t  only approximately 84% of t h e  contents of f eces  has been 
i d e n t i f i e d  . 
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b r i n g  the  next quarter,  expe rhen t s  w i l l  be conducted i n  t h e  follow- 
ing gecerzl  areas: 

1. 

2. 

3.  

4. 

5-  

6 .  

7- 

8. 

Bomb calorimetric determinations of the heating value of human 
waste after var ious degradation treatments; 

Use of electrochemical and microbiological react ions t o  degrade 
human w a s t e ;  

I e t e m i c a t i o n  of l i z i t i n g  current  dens i t i e s  of the  var ious 
r e  ac t  ions; 

Keasurement of p h y s i c a l  propert ies  of t he  fue l -moly te ,  including 
pfl, viscos i ty ,  dezsizy, surface tension, h e a t  capacity, and 
e l e c t r o l y t i c  conductivity, a t  var ious concentrations and 
t enper at ure s ; 

I so l a t ion  of microbes f ro% k a a  waste, as w e l l  as from s o i l ,  
sewage, etc.,  t o  pemit development of those bac ter ia  which ase 
most bene f i c i a l  and e m  coxTete most e f f ec t ive ly  with indigenous 
microorganisms i n  waste degradation and electrochemical power 
generct ion; 

U s e  of non-indigeaous microorganisms t o  f u r t h e r  degrade h u m  
waste z f t e r  i c i t i a l  degradatlon ir, a biochemical f u e l  c e l l ;  

Addition of  subs t axes  vnlch will e n h a c e  microbiological 
a c t i v i t y  i n  the  b iofue l  ce l l ;  and 

Study of themophl l ic  micro5ial a c t i v i t y ,  similar t o  composting, 
for degrading hiur.an waste. 
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FLOW SYSTEM 

C e l l :  P l a s t i c  (Luci te)  

Electrodes: 
w i r e ,  2 - i /8  i n .  c l e a r  diameter, 3.54 sq. in .  geometric area. 

- 
Pla t in i zed  screen (90% P t  - 10% Rh) ,  80 mesh, 0.003 in .  diameter 

SeFarator: Cellulose ace t a t e  (Sargent S-14825, 0.001 i n .  t h i c k ) .  

0-Ri-gs: S i l icone  (Dow Corn-ing S-7183). 

Catholyte: 
bu'b'cled ~71th puriyied,  gaseous oxygen 

5 w-c. k N a C l  - 5% KC1 i n  s t e r i l e ,  deionized water; non-biological; 

Fuel-Anolyte: 30 gas. non-ster i le ,  h u l a  w i n e  (frozen and reheated t o  12O'F). 
Feces w%s obtained fron volw,teers or! EL l o w  ce l lu lose  Get, ar,d w a s  frozen 
i irxediately af ter  collec-cion. Hoxogenized i n  Oster izer  Eeluxe (John Oster 
Y2g. Co., Mllwa~&ee). ELtibled w i t h  h e L i u .  

Cel l :  Glass, ti-Shape, O-Riag z y p  - 
Electrodes: Pla t in ized  pl&tinum f o i l ,  1 sq.  In. zrea  (non-opposing f aces  
coated with -,,-eterproof aad  chemically resis ' iant p a i n t ) .  

Scpr-ra-,or, O-?.ings, Catholyte, Fuel-Eiliolyte , a-.d Waterproof m d  Chemically 
R e s i s t a t  Paint: Sane as f o r  f l o w  system. 



n = weight  of sample (1.0200 gins.; Residue = 0,0803; Consumed = 0,9397 @ s o )  

ta = t empera ture  at  t ime of firing: 

tf 3 f ina l  maxima temperature:  

c1 = 31 of base r e q u i r e d  f o r  a c i d  t i t r a t i o n :  

28.4OoC (83.12'F) 

3 0 . 2 0 ~ ~  (86.36"P) 

17.00 m l ;  n o r m a l i t y  of 

base used: 0.0725 

c2  = percentage  o f  s n l f u r  ia saxple :  0,5905$ 

-5 c e n t i n e t e r s  of  f u s e  w i r e  used: 3.4 CEI c3 
w = ener,gy e q u i v a l e n t s  of  c a l o r i n e t e r  i n  c a l o r i e s  pe r  degree centi6Tade: 

El = co=. rec t ion  i n  c a l o r i e s  f o r  h e a t  f o r n s t i o n  of 

n i t r i c  a c i d  (ZHO ) (I c21/;.,1) = c1 i f  .0725 X a l k a l i  was used 

f o r  Lcid t i t r a t i o n :  17.00 
3 

2 - c o r r c c t ~ o n  i n  c a l o r i e s  f o r  hea t  of f o r z a t i o n  of s u l f u r i c  a c i d  2 -  

(s,so~): (14) ( c ~ )  (a): 7.77 c a l  

E = c o r r e c t i o n  i n  c a l o r i e s  for h e a t  of conbus t ion  of f u s e  wire 3 
2,3 cal/cm: 8 , O  c a l  

t = tf - ta = n e t  t e a p e r a t u r e  r i s e :  

E =  = 4591 cals./gm* 

1.80"C 

t w - E 1  - E 2  - 3  

m 

I n i t i a l  Ten2era ture  

F i n a l  Temperature 

82.25'F 

86.36"F 

J a c k e t  
Tenp. 

82,25"F 

86,36OF 



n = t re ight  of s a a p l e  (0,9224 g n s . ;  Ses idue  = 0.0758 gps , ;  Consumed = 

0,8466 g a s . )  

= t e n p e r a t u r e  at time of  f i r ing :  26,gO°C (80,4Z0F) 
ta 

tf = f i n a l  maximum temperature:  

c 

28.58"C (83.44OF) 

= ml of base  r e q u i r e d  f o r  ac id  t i t r a t i o n :  15.75 ml; norma l i ty  of 
1 

base used: 0.0725 

c, = percentage  of s u l f u r  ir sacple :  O . ~ S O E $  

= c e n t i m e t e r s  o f  f u s e  wire  used: 

= ener6T e q u i v a l e n t s  of c a l o r i a e t e r  i n  c z l o r i e s  p e r  degree cen t ig rade :  

4.35 CI;~  
c3 
w 

2415 caL/OC 

El = c o r r e c t i o n  i n  c a l o r i e s  f o r  h e a t  format ion  of 

r r i t r i c  a c i d  (EX0 ) (1 c a l / n l )  = c1 i f  .0725 N a l k a l i  w a s  used 

f o r  a c i d  t i t r a t i o n :  15.75 
3 

E2 = c o r r e c t i o n  i n  c a l o r i e s  f o r  h e a t  of format ion  of s u l f u r i c  a c i d  

(H2SU4): ( 1 k )  (c,) ( m ) :  6.88 c a l  

E - c o r r e c t i o n  i n  c a l o r i e s  f o r  h e a t  of combustion of f u s e  wire  3 -  
2.3 cal /cn:  10.0 cal. 

t = tf - ta = n e t  temperature  r i s e :  1.66OC 

Hi3 = 
t w - - E2 - E 

= 4697 cals,/gm, m 

i n i t i a l  Yengerature 

F i n a l  Temperature 

Bonb 
Ternp 

80*42"r7 

83.44OF 

J a c k e t  
Temp, 

80,~$-2"F 

83.44OF 
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Comonen t 

Bulk 

Water 
Dry Matter 

Fet 
Protein 
Ki t r ogen 

Car bohj-drat e 
Kinerai s 

Sodiun 
Potassium 
Calcium 
Wagne sium 
ChloriOe 
Phosphorus 
Sulf-Lr 

Trace Xlements: 
Cosper 
Iron 
Le ad 
Xangane se 
Hi c ke 1 
Zinc 

Weight (gn. ) 

150 

99 
27 

4.7 
? 

1.5 
? 

2.1 
0.12 

0.47 
0,64 
0.20 

0.09 

0.51 
0.13 

Per cent of Total 

66.0 
17.8 

3.0 
? 

1.0 
? 

1.4 

Arsenic 
Vi t anins 
Bile Pigments 

0.015 

0.15 

0.01 

0.1 

Rsference: Goldblith, S.A. ,  and E.L.Vick, "Analysis of Human Fecal 
Cor,-,osents and Study of Methods for Their Recovery in Space Systems," 
i k p t ,  of Rutrition, Yood Science and Technology, Nassachusetts Institute 
of 'Technology, Aeronautical Systems Division Tech, Rept, 61-419, Wright- 
Patterson Air Force Base, Ohio - Bug- 1961 
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